I. INTRODUCTION
In the last decade, we have studied the photodissociation spectroscopy and the photodissociation dynamics of benzene cluster ions, (C 6 H 6 ) n + . [1] [2] [3] In the photodissociation spectrum of (C 6 H 6 ) 2 + in the near-infrared region, two strong absorption bands are seen at 915 nm and 1155 nm. 1 These are assigned to the charge resonance bands. The charge resonance band is due to the transition from the ground state to the repulsive excited state of the wave functions, 
respectively. ψ i + and ψ i (i=1, 2) are the electronic wave functions of C 6 H 6 + (X) and band implies that the two moieties should be equivalent to each other, and that the positive charge is delocalized in the dimer. In mass-selected photodepletion spectra of (C 6 H 6 ) n + (n = 3-6) in the range of 800-1100 nm, 2 the absorption bands exhibit essentially the same features as observed for (C 6 H 6 ) 2 + . This little change in the electronic spectra suggests the presence of a dimer ion core in the clusters. We also studied excess energy partitioning in the photodissociation process of (C 6 H 6 ) n + , and concluded that the intramolecular vibrations of the ejected neutral monomers are highly excited in the energy disposal. 2, 3 If the charge continually hops in the cluster after the photoexcitation, the ejected molecules should be vibrationally excited along the directions of the change in the equilibrium geometries between the neutral and the ion.
In this paper, we discuss both static distribution of the positive charge in the 3 electronic ground state and dynamic charge hopping in the photoexcited states of benzene cluster ions. First, a photodissociation spectrum of benzene trimer ion in the ultraviolet region is presented, where one can see an electronic transition assignable to a solvent benzene molecule. The spectrum supports the dimer ion core structure with one solvent benzene molecule in the trimer ion. We also display photodissociation spectra of benzene cluster ions in the infrared region. Vibrational transitions of the dimer ion core and the solvent molecules are reported. Finally, we demonstrate a dimer ion core switching in photoexcited vibrational states by showing photodissociation spectra of isotopically mixed benzene trimer ions that contain one or two benzene-d 6 molecules.
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II. EXPERIMENT
The photodissociation spectra of benzene cluster ions are measured by using an ion guide spectrometer with two quadrupole mass filters. 4 Mixture of benzene, benzene-d 6 , and argon is expanded into a vacuum chamber through a pulsed nozzle (General Valve Series 9) with a 0.80 mm orifice diameter and a 300 µs pulse duration.
The total stagnation pressure is 2 × 10 5 Pa in most cases, and the benzene content in the mixture is 4%. Neutral benzene clusters are ionized by a home-made electron-impact ionizer situated near the exit of the pulsed nozzle. Electron kinetic energy is adjusted to 350 eV. Temperatures of benzene cluster ions were estimated to be 80-120 K. . In all of the experiments, we carefully verify the proportion of the fragment yields to the laser power and control it to avoid the saturation effect. In the early stage of our infrared researches, we used a PbSe infrared detector as a laser power monitor. 7 However, it was not suitable for the accurate normalization because the sensitivity of the PbSe detector is highly dependent on the wavelengths. By using the pyroelectric detector, whose sensitivity is independent of the wavelengths, we obtain more reliable infrared photodissociation spectra now. Figure 1 displays the photodissociation spectra of (a) (C 6 H 6 •Ar)
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III. RESULTS
and (c) (C 6 H 6 ) 3 + in the ultraviolet region (220-340 nm). C 6 H 6 + is detected as a photodissociation product for all species. The spectrum of (C 6 H 6 •Ar) + exhibits a broad band at 235 nm. The spectrum of (C 6 H 6 ) 2 + shows a tail of a VUV absorption band in the region from 220 to 260 nm. With our detection system, any noticeable band is not seen in the region from 260 to 340 nm for the dimer ion. The spectrum of (C 6 H 6 ) 3 + also shows a similar absorption tail from 220 nm to the red in addition to a broad band at 255 nm. Figure 2 shows the photodissociation spectra of (C 6 H 6 ) 2 + in the 2500-12000 cm -1 region. The photodissociation spectrum in the near-infrared region ( Fig. 2(a)) was measured previously by our group. . These bands are assigned to the charge resonance bands of a dimer ion with a displaced sandwich structure. 8 The charge resonance bands show very broad feature due to the transition to the repulsive state. 1 The intensity gradually decreases from 8660 cm -1 to the lower frequencies. Figure 2 (b) shows the photodissociation spectrum of (C 6 H 6 ) 2 + in the infrared region. The spectrum shows the gradual decrease of the cross sections from 7000 to 3200 cm -1 , indicating that the tail of the charge resonance band extends down to the lower infrared region. In the region from 3200 to 2500 cm Photodissociation spectra of (C 6 H 6 ) n + (n=2-5) in the C-H stretching 7 (3000-3150 cm -1 ) region are displayed in Fig. 3 (open circles). Photodissociation cross sections of (C 6 H 6 ) n + (n=2-5) are not zero from 3000 to 3150 cm -1 . The spectrum of (C 6 H 6 ) 2 + shows a sudden step at 3100 cm -1 with increasing intensity to the lower frequencies. The spectra of (C 6 H 6 ) n + (n=3-5) exhibit resolved bands centered at 3066
. The spectrum of the trimer ion shows wings on both sides of the strongest band.
In the spectra of the tetramer and the pentamer, we can find two bands at 3045 and 3093
. The intensity ratios of these bands relative to the central band at 3066 cm ) although the binding energy of (C 6 H 6 ) 2 + is 0.67 eV. 9 If the absorption occurs in the vibrational ground state, at least two photons are required to dissociate (C 6 H 6 ) 2
Therefore, the absorption of (C 6 H 6 ) 2 + in the infrared region is attributed to hot band excitation from excited vibrational levels.
The photodissociation spectra of the mixed benzene dimer ion (C 6 H 6 •C 6 D 6 ) + in 8 the C-H stretching region is shown in Fig. 5 . To generate these spectra the ion yield for either C 6 H 6 + (solid curve) or C 6 D 6 + (dotted curve) is monitored while the OPO is scanned in the region 3000-3150 cm -1
. Both fragment ions of C 6 H 6 + and C 6 D 6 + exhibit similar excitation spectra. We note that the scanned region coincides with the C-H stretching region of the C 6 H 6 moiety; the C 6 D 6 C-D stretches lie lower in energy. Note also that the difference in ionization potential (IP) between C 6 H 6 and C 6 D 6 is only 0.003 eV. 10 The evidence suggests that the positive charge is delocalized in (C 6 H 6 •C 6 D 6 ) + because of the charge resonance interaction. The spectra are similar to the photodissociation spectrum observed for (C 6 H 6 ) 2 + (Fig. 3a) , i.e. an absorption edge around 3080 cm -1 (perhaps a weak maximum), followed by a higher plateau on the lower frequency side. This band may be assigned tentatively to C-H stretching . The photodissociation spectra of the mixed benzene trimer ions are measured by detecting the respective fragment ions.
All the spectra in Fig. 6 show peaks at 3066 cm -1 . , respectively also display close similarity and in addition, are similar to the spectra displayed in Fig. 6 (a) and 6(b).
One may therefore conclude that the photodissociation spectra for the mixed trimers in the 3000-3150 cm -1 region do not depend on the monitored fragment ions. It may therefore be concluded that the photodissociation spectra of the mixed benzene trimer ions are essentially identical and moreover, they are indistinguishable from observations for that of the (C 6 H 6 ) 3 + trimer ion.
IV. DISCUSSION
A. Electronic spectrum of (C 6 H 6 ) 3 + in the ultraviolet region
On the basis of the photodissociation spectroscopy of (C 6 H 6 ) 3 + in the nearinfrared region, we proposed that (C 6 H 6 ) 3 + has a dimer ion core structure with a neutral benzene attached: (C 6 H 6 ) 2
This structure is also supported by the ultraviolet photodissociation spectra shown in Fig. 1 .
In the ultraviolet region, neutral benzene exhibits the well-known 1 B 2u -1 A 1g (π, π * ) transition to the lowest excited singlet state (S 1 ). This S 1 ←S 0 transition of benzene appears around 260 nm with well-resolved vibronic structure.
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The second excited singlet state (S 2 ) is 1 B 1u (π, π * ). The S 2 ←S 0 transition lies in the region from 204 nm to shorter wavelengths. 13 It is expected that benzene ion also has a π * ←π transition in the ultraviolet region.
14, 15
The π * ←π transition of benzene ion ( 2 E 2u ← 2 E 1g ) is dipoleallowed for D 6h symmetry. Teng and Dunbar assigned the ultraviolet bands around 270 nm in the photodissociation spectra of substituted benzene ions to the π * ←π transitions. 14, 15 On the same basis, we assign the band at 235 nm in Fig. 1(a) Fig. 1(b) , however, we can only see the absorption tail of the VUV band at the wavelengths shorter than 240 nm. Tentatively, we assign this band to the π * ←π transition of (C 6 H 6 ) 2 + .
The (C 6 H 6 ) 3 + cation with the dimer ion core structure is expected to show π * ←π transitions of both (C 6 H 6 ) 2 + and C 6 H 6 chromophores in the ultraviolet region. The spectral feature of (C 6 H 6 ) 3 + in 220-240 nm is similar to that of (C 6 H 6 ) 2 + ; the absorption tail is seen at wavelengths shorter than 240 nm. Therefore, we assign this band to the π * ←π transition of the (C 6 H 6 ) 2 + chromophore. In addition to the tail, a broad band appears around 255 nm. Recognizing that the π * ←π transition in neutral benzene appears around 260 nm, we attribute the band at 255 nm to the π * ←π transition of the solvent C 6 H 6 molecule. Thus the ultraviolet spectrum of (C 6 H 6 ) 3 + is consistent with the proposal that there is a dimer ion core associated with a neutral benzene 'solvent' molecule.
B. Assignment of infrared photodissociation spectra
In the spectra of (C 6 H 6 ) n + (n=3-5) shown in Fig. 3 , we can see an intensity increase with increasing cluster size of the two subsidiary bands at 3045 and 3093 cm -1 relative to the central band at 3066 cm -1 . This intensity enhancement is thought to correspond to the increase in the number of neutral solvent molecules in the cluster ions.
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Neutral benzene monomers are known to show three bands at 3048, 3079, and 3101 cm -1 in the C-H stretching region. 19 Here we shall call them the C-H triad. 19 We have attempted to reproduce the band shapes of (C 6 H 6 ) n + (n=3-5) by decomposing the spectra into three components: the triad, one Lorentzian function, and the plateau extending over this region. The relative intensities of the triad members used in the fit are taken from the measurement for neutral benzene clusters. 20 The triad and the Lorentzian components are shown by the dotted curves in Fig. 3 . respectively. The ratio increases proportional to the number of the solvent benzene molecules in the clusters: 1, 2, and 3 neutral solvent molecules exist in the trimer, the tetramer, and the pentamer, respectively. Therefore, the Lorentzian component at 3066 cm -1 is assigned to the C-H stretching vibration of the dimer ion core. Now we can elucidate the infrared spectra of (C 6 H 6 ) n + (n=3-5) as the composites of the C-H stretching bands of the dimer ion core and the solvent benzene molecules. We discuss the plateau component later.
Neutral benzene has only one infrared-active C-H stretching mode, ν 20 .
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The appearance of the triad in the infrared spectrum of the neutral benzene was thus attributed to the Fermi resonance interaction of the two combination modes with ν 20 .
In the case of (C 6 H 6 ) 2 + , because of the vibrational frequency change due to the formation 13 of the dimer ion, the frequency gap between the infrared-active mode and the combination modes becomes larger, deactivating the Fermi resonance interaction.
Thus, the original single band can appear as the C-H stretching vibration of the dimer ion core. The nice fitting of the experimental points with the composite curves in Fig.   3 implies that the intramolecular vibrational structure of the solvent benzene molecules in the clusters is not largely different from that of the isolated neutral benzene.
The infrared spectrum of the dimer ion in Fig. 3(a) shows the stepwise intensity change at 3100 cm -1 . According to the similarity in its position with the C-H stretching band of the dimer ion core of (C 6 H 6 ) n + (n=3-5), the stepwise increase may be attributed to the appearance of the C-H stretching band of (C 6 H 6 ) 2 + . This assignment is also supported by the spectra of (C 6 H 6 •C 6 D 6 ) + shown in Fig. 5 . However, we cannot determine the precise frequency due to the less-resolved band shape. The infrared spectrum of (C 6 H 6 ) 2 + in Fig. 2 (b) also shows two maxima at 2670 and 2880 cm -1 .
These bands might be assigned to some vibrational transitions of the hot species. The origin of these bands are not clear at the present stage.
C. Origin of plateau components observed in infrared photodissociation spectra
Let us think of the plateau component. As mentioned above, (C 6 H 6 ) n + (n=2-5)
show the strong charge resonance band in the near-infrared region. 2 Since the charge resonance band corresponds to the transition to the repulsive excited state, the band shape is essentially broad. 1 As displayed in Fig. 2 , the charge resonance bands of (C 6 H 6 ) 2 + display maxima at 10930 and 8660 cm -1 , and the intensity gradually decreases 14 from 8660 cm -1 to lower frequencies. Its tail extends down to 2500 cm -1 over the threshold of the binding energy of 5400 cm -1 (0.67eV). If the intermolecular stretching vibration of the sandwich dimer species is highly excited, the charge resonance transition is expected to appear even in the infrared region (see Fig. 2(c) ).
Consequently, the hot bands of the charge resonance transition may mainly contribute to the plateau component of the infrared spectra. This situation is in accord with the result of the laser power dependence of the photodissociation for (C 6 H 6 ) 2 + (Fig. 4) .
Contribution of the charge resonance transition from vibrationally highly excited species to the plateau component is also recognized by comparing the infrared spectra of (C 6 H 6 ) n + (n=2-5) with each other (Fig. 3 ). The energy needed to dissociate a benzene molecule away from the parent cluster ions (binding energy) becomes lower and lower as the cluster size increases; the reported binding energies are 0.67, 0.27, 0.15, and 0.13 eV for n=2, 3, 4, and 5, respectively. Internal energies are expected to be smaller for the cluster ions with smaller binding energies. Therefore, the benzene cluster ions can get cooler and cooler with increasing cluster size. This trend was confirmed by our previous study on the unimolecular dissociation kinetics of the benzene cluster ions. 5 As can be seen in Fig. 3 , the intensity of the plateau component . In addition, these photodissociation spectra are almost the same as that of (C 6 H 6 ) 3 + . Thus our data suggest that the dimer ion core switching, in other words, the charge hopping occurs in the photoexcited vibrational states of benzene trimer ions prior to the dissociation.
From the linewidth of the Lorentzian components, the fastest limit of the hopping rate is estimated to be 2 ps.
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V. CONCLUSION
The photodissociation spectra of benzene cluster ions are measured in both ultraviolet and infrared regions. In particular we pay our attention to the trimer ions.
The spectra provide information on static and dynamic behavior of the positive charge existing in the benzene trimer ions. In the ultraviolet photodissociation spectrum of (C 6 H 6 ) 3 + , the π * ←π transition at 255 nm is assigned due to the solvent C 6 H 6 . We can also reasonably explain the infrared spectrum of (C 6 H 6 ) 3 + by the dimer ion core model; the C-H stretching band of (C 6 H 6 ) 3 + is composed of the C-H stretching bands of the dimer ion core and the solvent benzene. On the other hand, the infrared spectra of the isotopically mixed benzene trimer ions show that the positive charge frequently hops from one dimer pair to another pair in the photoexcited vibrational states in the course of the dissociation.
T. Lee, J. Phys. Chem. 85, 3327 (1981) . 21 In the case of (C 6 H 6 ) 3 + , the band feature is reproduced by the composite of two isomers are displayed in the second raw. In the fifth row, the ratios of the isomer abundance in the statistical limit are shown. In the seventh row, we represent the band feature of the photodissociation spectra observed in this study.
